Rhino-orbitocerebral mucormycosis (ROCM) caused by more common zygomycetes (e.g., Mucor) is known to cause rapidly fatal infections in immunocompromised patients. Apophysomyces elegans is an emerging zygomycete that has been reported to cause invasive cutaneous and rhino-orbitocerebral infections in immunocompetent individuals. Limited data exist describing the syndrome of ROCM caused by A. elegans. We describe a recent case and performed a comprehensive literature review to delineate the clinical characteristics of ROCM caused by A. elegans. Our case is a 50-year-old man with diabetes mellitus who presented with facial pain and right eye proptosis. Endoscopic sinus sampling revealed A. elegans. He was treated with liposomal amphotericin B and multiple debridements, with no disease on 1.5-year follow-up examination. Seven cases were identified on literature review, including the present case. Most patients (86%) were male, with a mean age of 40 years. Most patients (71%) did not have predisposing medical conditions. Three patients had predisposing head trauma. All presented with facial and/or periorbital pain. All had magnetic resonance imaging or computed tomography of the head showing intraorbital and/or sinus inflammation. Diagnosis was confirmed by histopathology and deep tissue culture in all cases. All patients required eye exenteration and extensive surgical debridement, in addition to intravenous amphotericin B. Six of the seven patients (86%) recovered. ROCM caused by A. elegans is rarely reported in the literature. Most such infections occurred in immunocompetent patients, often after facial trauma. Survival in ROCM caused by A. elegans is favorable in reported cases, with prompt surgical debridement and antifungal therapy. Mucormycosis is a rare necrotizing infection caused by fungi within the class Zygomycetes and the order Mucorales (7). These fungi can cause serious and rapidly fatal infections, particularly in the immunocompromised, such as poorly controlled diabetics with ketoacidosis (17). The genera reported to cause invasive infection include Absidia, Mucor, Rhizomucor, Rhizopus, Apophysomyces, Saksenaea, Cunninghamella, Cokeromyces, and Syncephalastrum, with the first four being the most commonly reported pathogens (7). Apophysomyces elegans is an emerging pathogen that, unlike the other members of Mucorales, has been reported to cause invasive cutaneous and rhino-orbitocerebral infections in immunocompetent individuals (37). In rhino-orbitocerebral infections, inhalation is the natural route of infection. However, traumatic inoculation has been described, particularly with Apophysomyces elegans (17).
Mucormycosis is a rare necrotizing infection caused by fungi within the class Zygomycetes and the order Mucorales (7) . These fungi can cause serious and rapidly fatal infections, particularly in the immunocompromised, such as poorly controlled diabetics with ketoacidosis (17) . The genera reported to cause invasive infection include Absidia, Mucor, Rhizomucor, Rhizopus, Apophysomyces, Saksenaea, Cunninghamella, Cokeromyces, and Syncephalastrum, with the first four being the most commonly reported pathogens (7) . Apophysomyces elegans is an emerging pathogen that, unlike the other members of Mucorales, has been reported to cause invasive cutaneous and rhino-orbitocerebral infections in immunocompetent individuals (37) . In rhino-orbitocerebral infections, inhalation is the natural route of infection. However, traumatic inoculation has been described, particularly with Apophysomyces elegans (17) .
In 2001, Garcia-Covarrubias et al. reported a review of the literature of mucormycosis attributable to Apophysomyces elegans (17) . At that time, there were 21 reported cases of mucormycosis caused by A. elegans since 1985, only 4 of which were rhino-orbitocerebral mucormycosis (ROCM) (2-4, 8-10, 13, 17, 19-22, 24-28, 31, 36-37) . Since then, there have been 13 more reported cases of Apophysomyces elegans, mostly cutaneous infections, 8 of which were from India and 2 of which were cases of ROCM (1, 5, 7, 15, 23, 29) . We report an additional case of ROCM caused by A. elegans and review the literature specifically for ROCM caused by A. elegans to better understand the characteristics of this rare disease.
CASE REPORT
A 50-year-old white male with a history of diet-controlled diabetes mellitus, allergic rhinitis, and recurrent sinusitis about once every 2 to 3 years, with the last infection about 1 year ago, presented with a 2-week history of right maxillary facial pain. He denied trauma and did not have fevers or chills. His pain worsened over the subsequent week, and he developed diplopia, severe right-sided periorbital pain and swelling, right eye ptosis, and right-sided facial drooping and numbness. He presented to the local emergency room. A computed tomography (CT) scan of the head and sinuses was unremarkable. He was discharged on therapy with prednisone (30 mg daily) and acyclovir for possible Bell's palsy.
The following day, he awoke with complete blindness in the right eye, as well as increasing pain, swelling, and numbness in the right upper face. He presented again to the emergency room. Magnetic resonance imaging (MRI) of the head showed sphenoid and ethmoid sinusitis associated with a mass or phlegmon posterior to the right globe with inflammatory changes of the extraocular muscles. Upon admission to the hospital, laboratory studies showed leukocytosis (18.5 ϫ 10 9 / liter) and the following chemistry values: serum glucose, 297 mg/dl; serum bicarbonate, 17 mmol/liter, serum hemoglobin A1c, 11.4%; serum creatinine, 0.9 mg/dl; and urinary ketones, 2ϩ. He underwent a right endoscopic total ethmoidectomy, maxillary enterostomy, and sphenoidectomy. Tissue cultures grew Staphylococcus aureus and coagulase-negative staphylococci. Fungal stains obtained at the hospital were negative. Therapy was initiated with cefazolin and rifampin. A few days later, he developed worsening orbital pain and proptosis. A repeat MRI of the head showed increasing intraorbital inflammation and proptosis with tenting of the posterior globe.
He was then transferred to our institution (the Mayo Clinic). The social history was significant for previous exposure to multiple dusts (wood, farm, etc.), as he was a construction inspector and materials tester. There were no risk factors for human immunodeficiency virus or tuberculosis. Physical examination was significant for right eye proptosis with erythema, tenderness, and swelling (Fig. 1) . The remainder of the physical examination was unremarkable. Laboratory studies upon transfer were significant for a hemoglobin A1c of 10.2%, blood sugar levels of 120 to 170 mg/dl with no ketones, a normal leukocyte count (8.9 ϫ 10 9 /liter), and a serum creatinine level of 1.5 mg/dl. CT and MRI of the head showed right eye proptosis with inflammatory changes in the periorbital, extraconal, and intraconal fat consistent with orbital cellulitis; scattered gas in the intraconal fat; subperiosteal phlegmon and/or abscess; and an opacified right maxillary sinus (Fig. 2) . Magnetic resonance venography of the head was negative for thrombosis. The patient underwent right endoscopic sphenoid sinus sampling. Tissue histopathology showed aseptate hyphae consistent with mucormycosis.
The patient then underwent right eye exenteration, maxillectomy, sphenoidotomy, and multiple aggressive debridements (Fig. 3) . He was started on amphotericin B liposomal complex (Ambisome) at 5 mg/kg of body weight intravenously (i.v.) every 24 h, cefepime, and metronidazole. A tissue culture grew Apophysomyces elegans (Fig. 4) . The organism showed sparsely septate hyphae and unbranched sporangiophores, along with a characteristic funnel-shaped apophysis. Sporangia were pyriform and contained numerous smooth-walled, oblong sporangiospores (14) .
The patient underwent several debridements until intraoperative findings, as well as pathology and microbiology studies, showed no residual infection or necrosis. His hospital course was complicated by amphotericin B-associated renal failure, but his creatinine levels stabilized and he was discharged on amphotericin B therapy. One month after hospital discharge, or 2.5 months after initial diagnosis and institution of therapy, liposomal amphotericin B therapy was discontinued due to another significant increase in serum creatinine levels (to 5.2 mg/dl). Follow-up clinical examination showed no evidence of persistent fungal disease.
MATERIALS AND METHODS
Our retrospective review focused on patients with ROCM caused by A. elegans. ROCM was defined as infection originating in the paranasal sinuses and presenting in contiguous structures of the orbit, nose, palate, face, or brain. The diagnosis was accepted only if it was confirmed by histologic examination or by a deep tissue culture positive for A. elegans.
We searched the MEDLINE database for articles published in the Englishlanguage literature since 1966 using mucormycosis and Apophysomyces as keywords or text words. Where applicable, we reviewed references cited in the above reports and studies. Incomplete case reports with limited clinical information (such as those reported in the context of a broader analysis) (6) were not included in our analysis. Care was taken to ensure that the same patient was not included twice in our analysis by review of demographics and clinical presentation of all reported cases.
RESULTS
Six reported cases met our criteria for ROCM caused by A. elegans, making a total of seven cases, including our case.
Demographics, predisposing conditions, and presentation. Table 1 summarizes the age and sex, predisposing conditions, presenting symptoms, physical findings, and radiographic manifestations for each patient. Six of the seven patients were male. The mean age was 40 years (range, 19 to 59 years). Four of the seven patients had no predisposing conditions, and only one had diabetes mellitus. Three of the seven patients had presenting symptoms of facial or orbital pain following head trauma. The remaining four had presenting symptoms of facial and/or periorbital pain and swelling. Three patients had fever as a presenting sign. On physical examination, five of the seven patients had orbital proptosis with erythema and swelling; the other two patients had a friable mass in the nasal cavity and congested nasal turbinates with pus draining from sinus tracts. All seven patients had a CT of the head or sinuses performed, and two had an MRI of the head and/or orbits performed. The radiographic manifestations seen on these imaging studies are summarized in Table 1 ; notably, in the present report, the initial CT of the sinuses was unremarkable, but subsequent MRI of the head showed the severe intraorbital inflammation and proptosis. Therapy and outcome. Table 2 summarizes the antimicrobial and surgical management, complications, and outcomes for each patient. Prior to the diagnosis of ROCM, two of the seven patients had received empirical therapy with prednisone (20 to 30 mg daily). After diagnosis, three patients received empirical therapy with i.v. broad-spectrum antibiotics, and two patients received empirical oral antibiotic therapy. All patients were treated with i.v. amphotericin B (three patients were reported to have received the liposomal formulation); doses ranged from 1 to 5 mg/kg/day, and duration ranged from 5 days to approximately 70 days. All patients (100%) required eye exenteration and extensive surgical debridement for disease control. One patient was additionally treated with hyperbaric oxygen (HBO2) and granulocyte colonystimulating factor (G-CSF). In three of the seven cases, acute renal failure (ARF) associated with amphotericin B therapy was reported. Three cases had no complications of therapy reported. Only one of the seven patients died; this patient had myelofibrosis and thrombocytopenia. The remaining six patients recovered; the reported relapse-free follow-up period ranged from 1 month to 2 years.
DISCUSSION
We present the first review of ROCM caused by A. elegans. Unlike ROCM caused by the more common genera of Mucoraceae (Rhizopus, Mucor, and Absidia), ROCM due to A. elegans appears to occur in immunocompetent patients. The majority of patients had no predisposing conditions. Of the three who did, only one had a serious underlying hematologic disorder (myelofibrosis); the other two had only sinusitis and non-insulin-dependent diabetes mellitus. In addition, almost half of the cases occurred following facial or head trauma.
The most common presenting signs and symptoms of ROCM caused by A. elegans are similar to the classic features of ROCM caused by other organisms. These include fever, headache, sinusitis, facial or orbital pain and swelling, orbital cellulitis, external ophthalmoplegia, decreased vision or blindness, proptosis, chemosis, nasal congestion, mucosal ulceration and/or necrosis, and central retinal artery occlusion. Radiographic findings are also similar and include proptosis, sinus thickening or opacification, and intraorbital inflammation (1, 5, 7, 15, 23, 29) . Morphological features of large sparsely septate or nonseptate hyphae with right-angle branching, often with angioinvasion, on histopathologic examination suggest the etiology (32) . Specific identification of the etiologic agent requires isolation of the organism by culture (20) .
Prompt and aggressive surgical debridement, as well as administration of antifungals, is required for treatment. In pa- tients with a predisposing condition, treatment should also include correction of the medical problem, if possible (e.g., correction of ketoacidosis). Agents of mucormycosis are relatively refractory to medical treatment; higher than usual doses of amphotericin B, ranging from 1.0 to 1.5 mg/kg/day, have been recommended (32) . Lipid formulations may allow administration of very large amounts of amphotericin B over a short period and thus may offer an opportunity for more effective treatment. However, this is only a theoretical consideration at present and remains to be validated (32) .
None of the currently available azoles (ketoconazole, fluconazole, itraconazole, and voriconazole) are effective in treating mucormycosis (32) . None of the echinocandins, either currently available or in development (caspofungin, anidulafungin, and micafungin), are active against zygomycetes (32). Posaconazole, a new triazole that is currently in phase III trials, has been reported to have good activity against some strains that cause mucormycosis (11, 18, (33) (34) . Tobon et al. (34) reported a case of an immunocompromised diabetic patient who developed a severe mediastinal fungal infection due to Rhizopus species postoperatively after a dual heart-kidney transplantation. No improvement was noted following 6 weeks of amphotericin B therapy, but treatment with posaconazole resulted in dramatic clinical improvement as early as 7 days into treatment, with continued improvement during 23 weeks of treatment and no adverse events attributable to posaconazole. Posaconazole was active in vivo against three strains of Mucor in an immunosuppressed-mouse model of disseminated infection, (33) , as well as against a Rhizopus species and an Absidia species (11) . Posaconazole oral suspension at a dose of 800 mg/day was recently studied in a multicenter open-label clinical trial in patients with central nervous system (CNS) fungal infections who had refractory disease or who were intolerant of standard antifungal therapy (30) . A total of 39 out of 330 subjects were evaluable for efficacy. Successful outcomes were observed in 14 of 29 (48%) subjects with cryptococcal meningitis and 5 of 10 (50%) of subjects with CNS infections due to other fungal pathogens; one patient had an infection with A. elegans plus Basidiomycetes sp. This patient was among the five subjects who did not have a successful outcome, but these subjects had advanced disease and severe underlying medical conditions (e.g., solid organ or allogeneic bone marrow transplantation or lymphoma) when posaconazole therapy was initiated. The authors concluded that posaconazole has clinical activity against CNS fungal infections (with success rate overall approaching 50%) and may provide a valuable alternative in patients failing existing antifungal agents. Because of amphotericin B-associated nephrotoxicity reported in almost half the cases of ROCM due to A. elegans, further studies of posaconazole activity in vitro and in vivo against Apophysomyces species are warranted. Ravuconazole is another new triazole in clinical development. However, it is not active against zygomycetes (16) .
HBO2 and G-CSF have been used in one reported case of ROCM due to A. elegans (17) . It is postulated that HBO2 increases tissue oxygen levels, boosts leukocyte-killing capacity, and may have an additive effect in combination with amphotericin B (2). However, the reports of benefit from this modality involve small numbers of patients, are observational, and are uncontrolled in nature. Additionally, the rationale why this approach should work in treating organisms that are obligate aerobes is unclear. G-CSF may also boost polymorphonuclear fungicidal activity and was used in the same case (17) . However, whether that translates into an improved clinical outcome, particularly in those patients who are not granulocytopenic, is unknown.
There is no general consensus on the optimal duration of antifungal therapy in ROCM due to A. elegans. Treatment courses ranging from 5 days to 70 days have been reported. An all-too-frequent treatment-limiting factor is amphotericin B-induced renal failure. In general, surgical debridement and systemic antifungal therapy should be continued until follow-up evaluations show no residual fungal infection or necrosis.
The prognosis of ROCM has improved greatly. Mortality was 88% in 1961 and now ranges from 15 to 34% (15) . Because ROCM caused by A. elegans is rare, the rate of mortality is not known; however, among the seven reported cases, only one patient (14%) died.
Although ROCM caused by A. elegans is rare, it is probably underrepresented in the medical literature because of publication bias, thereby limiting the generalizability of our findings. The retrospective nature of our study has unavoidable inherent limitations, including differences in completeness of reported data. To minimize this, we limited our series to those reported cases with sufficient data and to those identified through medical literature search engines.
Conclusion. Unlike other members of this group of fungi, A. elegans is a zygomycete that is reported to cause invasive infection in immunocompetent patients. Infections with A. elegans are usually the result of traumatic inoculation. Similar to other cases of mucormycosis, angioinvasion, thrombosis, and necrotic lesions are the hallmark features. Prompt and aggressive surgical debridement and therapy with an amphotericin B formulation are necessary for successful treatment. Posaconazole therapy may be an effective alternative to the use of amphotericin B in these patients. Survival in ROCM caused by A. elegans is favorable in the seven reported cases. There was no financial support for this study. No conflict of interest exists for any of the authors.
